thereby specifying two distinct proteins that bear no amino acid homology to one another. Since the gene encoding p16
bers, p130 and p107) are executed by the cyclin reading frames. "Ink4a" null animals were born at the D-dependent kinases, Cdk4 and Cdk6, together with the expected Mendelian ratio, had no apparent morphologic cyclin E-dependent kinase, Cdk2, thereby controlling or behavioral defects, and developed normally. Howthe cell's entry into the DNA synthetic (S) phase of the ever, they were strikingly prone to spontaneous tumor cell cycle (Weinberg, 1995) . Phosphorylation of pRB late development. Moreover, mouse embryo fibroblasts in G1 phase cancels its ability to bind to and inhibit the (MEFs) isolated from midgestation embryos proliferated activities of E2F transcription factors, which, when freed more rapidly in culture than their wild-type counterparts, from pRB, activate gene products that govern nucleodid not senesce during continuous passage, and could tide metabolism and DNA synthesis. Like pRB, the p53 be transformed directly by oncogenic Ha-Ras without transcription factor also negatively regulates cell cycle a requirement for cotransformation by so-called "improgression, but principally in response to cellular mortalizing oncogenes" such as Myc or adenovirus E1A. stresses, such as DNA damage, hypoxia, and oncogene In short, these MEFs exhibited properties of established activation (Levine, 1997) . Signal transduction pathways cell lines rather than those of early passage primary activated in stressed cells trigger phosphorylation and fibroblast cultures. Quite understandably, these properacetylation of p53, leading to its stabilization and to the ties were ascribed to p16 Ink4a loss. initiation of a p53-dependent transcriptional program Disruption of exon 1␤ in the mouse germ line was that either halts cell proliferation or, more dramatically, subsequently used to generate mice lacking p19 Arf alone induces cell suicide. Among the p53-responsive genes (Kamijo et al., 1997) . Despite the fact that these animals continued to express abundant levels of p16
Ink4a
, Arf null is Hdm2 (Mdm2 in the mouse), which acts in a negative mice exhibited all of the cardinal properties of the feedback loop to quench p53 transcription and acceler-"Ink4a" null strain (which will be designated Ink4a/Arf ate p53 degradation. Other p53-responsive genes arrest null in the discussion that follows). This raised the unexcell cycle progression and modulate the apoptotic mapected possibility that tumor development in vivo and chinery.
the properties of cultured MEFs in vitro that were first Surprisingly, two products of the INK4a/ARF locus, ascribed to Ink4a disruption instead reflected loss of whose functions are also disrupted in a wide variety of Arf. What, then, is the phenotype of mice lacking p16 Ink4a human cancers, indirectly regulate the activities of both alone? Two papers in the September 6 issue of Nature pRB and p53. The INK4a/ARF locus is unusual in several now reveal welcome answers that resolve many of the respects (see Figure 1) ., 2000) . Moreover, the two proteins have the potential to coordinate signaling through the RB and p53 pathways, because ARF can be induced by E2F transcription factors whose activities are subject to RB-negative regulation (Bates et al., 1998). We do not fully understand these relationships, although they provide evidence for the existence of a signaling network that is central to tumor formation. The finding that melanomas arise preferentially in the background of Ink4a loss and Arf heterozygosity is a great surprise, which suggests a novel relationship between these genes. Like mice lacking Ink4a/Arf, neither Arf-null nor p53-null mice spontaneously develop melanoma. Presumably, it is the level of p19
Arf that influences the biologic response to p16
Ink4a loss of function in melanocytes. There is great subtlety here, and those who harbor doubts that animal models can be used to replicate human cancer syndromes should take heed.
